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ABSTRACT 

^ E\yent-raiated Potentials (ERPs) were recorded to both 

auditory and visual stimuli from the scalps of nine autistic males 
and nine normal controls (all Ss between 12 and 22 years of age) to 
examine the differences in information processing strategies. Ss were 
tested on three fJifferent tasks: an auditory missing stimulus 
paradigm, a visi^al color discrimination, and an. audi\tory tone 
discrimination task. The brain electrical activity was recorded and 
analyzed (both trial by trial and averaged waveform) for one thousand 
milliseconds following the target stimuli. Results indicated that the 
amplitude of the averaged P300 component was significantly reduced in 
the autistic group compared to the normal group-. The NlOO component 
was also smaller in amplitude, but it did not reach statistical 
significance. The latency of . comppnents was not significantly 
different among groups during the visual tasks; however, the latency 
of the P300 component was significantly longer in the autistic group 
during auditory tasks. The, accuracy of performance with the operant 
button press and the appearance of the N100-P200 components in the 
autistic group suggested that the autistic individuals were attentive 
to the task. The sporjjdic occurrience of the P300 (when analyzed trial 
by, trial) indicated that the autistic group was not consistently 
eii^aged in active stimulus evaluation at the highe*^ information 
processing level. The delayed^ latency o£ the P300 component during 
auditory tasks in the autistic group hinted that there was more time 
required to complete stimulus evaluation in th» auditory modality at 
the higher processing level than was required of the visual system at 
the ^ame level. Results are consistent with the view that "autistic 
learners show higher order processing deficits as displayed by their 
profound language detects and problemi^ with complex thoughts. 
(Author/CL) 



****************************************************** 

* Reproductions supplied by EDRS are the best that can be made * 

* " from the original document. ^ * 
*********************************************************************** 



EKLC 



U J. MPAKtMINT Of lOUCAJlbM 
NATIONAL INtTITUTt OF IDUCAtlON 

EDUCATIONAL RI80URCI8 INFORMATION 

CENTER ICRIC) i 
[4^h* documtni hit b—n rtpiodijctd 
recaiv»d from the p«rton or organliatkin 

oflginating ii. . | 

I ; Miffof ch«ng«t have b»«o made Jo |»np»ove 
reproduction qualiiy | 

• Polola of view or uplotont staled in this docu 
fT>ent do not neceawtilv repreeent oHictal Nit 

position or pultcy 



3692 



ELECTRdPHYSIOLOGICAL (EVENJ-RELATED POTENTIALS) 
INDICES OF COGNITIVE PROCESSING 
IN AUTISTIC LEARNERS 



Ralph Shibley, Jr. kfl.A. 
The Ohio State University 

Kath\1e Shockley, M.A. 
The Ohio State University 

Paul Naour, Ph.D, 
Muskingum College 

Marlln Langu.ls, Ph.D. 
The Ohio State University 



> 



"PERMISSION TO REPRODUCE THIS 
MATERIAL HAS BEEN GRANTED BY 

^ — 

TO THE EDUCATIONAL RESOURCES 
INFORMATION CENTER (ERIC)." 



s 



■ ■ " r 

Paper presented at the Annual Meeting of the American Educational 
Research Association (68th, New Orleans,- LA, April 23-27, 1984) 




3 \ 



ri 

4 



ABSTRACT". Event-related Potentials (ERPs) were recorded to both huditory 
and visual stimuli from the scalps of nine autistic males and^ine normal ^ 
controls to examine the differenced in informatipn processing strategies. 
Subjects were tested on three different tasks (in the fol lowing- order): 
1) an auditory missing stimulus paradigm; 2) a visual color di sari mi nation; 
*and 3) an auditqry tone discrimination task.. The brain electrical activity 
was recorded and anlyzed (both trial by trial and averaged waveform) f.6r 
one thousand msecs following the target stimuli/ Results indicate, that the 
amplitude of the averaged P300 component was significantly rediked, in the 
autistic group compared to the normal group. The NlOO component was al^p v . ' 
smaller in amplitude, but it dijd not reach statistical significance. The • 
latency of components mi not significantly different among groups, during the 
visual tasks; however, the latency of the P300 component was signif icajitly 
longer in the autistic group during auditory tasks. The accurac)/of per- 
formance with the operant button press and the appearance of the Nlt)0-P200 
components in the autistic group suggest that the autistic individuals are 
attentive to the task. The sporadic occurrence of the P300 (when analyzed 
trialby trial) indicates that the autistic group is not consistently 
engaged in active stimuluJ^^evaluation at the higher information processing 
level. The delayed latency of the P300 component during auditory tasks in 
the autisttc group hints that there is more time required to complete stimu.:|us 
evaluation in the auditory modality at the highV processing level than 1s 
required of the visual system at the same level. These results are consistent 
with the view that autistic learners show higher order processing deficits as 

displayed by their profound language defects and problems w,ith complex thoughts. 

1 \ 
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INTRODUCTION ' ' , 

Kanner first described the syndrome of Infantile Autism 1n 1943 as a 

» 

profound behavioral disorder with, among other things, severe disturbances 
of cognitive functioning, ^'erceptual , cognitive, language deficits appear 
central to the autistic syndrome, but^the specific underlying mechanisms 
are unknown (DeKyer, Hingtgen, Jacl^n, 1981). Psychodynamic factors 
were believed to be the cause during the 50' s; but more recently, organic 
bjra in pathology has been accepted. The' specific biological basis for 
autism is still not known, but the evidence/from research iTidipates that 
an opganic basis is" possible. Many researchers have focused on dysfunctional 
sites within the brain, sucti as: reticular activating systfem (Rimland, 1964); 
vestibular system (Ornitz, 1970); brainstem (Ornitz & Ritvo, 1968^ Fein, 
Skoff & Mirsky, 1981; Taylor, Rosenblatt &,Linschoten, 1982; *t al.); 
bilateral neural structures that incl Ude mesol imbic cortex! of the mesial 
frontal and temporal lobes, neostriatum, and the anterior and medical nuclear 
-groups of the thalamus (Damasio & Maurer, 1^78); and various other neural, 
areas. Neurochemical and genetic research has also been undertaken to 
determine the possible neuropathologies. Frqmall of the research evidence 
thus far reported, it is impossibl determine a single hypothesis as to . 
the dyfunctional system or site, ^ism is probably a final common expression 
of multiple 'determinants having spmething to do with related anatomical . 
and biochemical systems and its underlying/mecharvisms may be obscured by 
, the diversity of causations (Dertckia, "1983). 

More specifically, disorders of certErSl^fJl'ocfessing in autiUm have been - 
examined through el ec trophy si ologica-1 methods by examining the relationship 
between electrical- activity in the brain and cognitive behavior. Early evoked 
potentials have been utilized to. examine the integrity of the auditory system . 
(Student ^ Softner', 1978; Skoff, Mirsky, Turner, 1980; |t al.). Electrophysiological 



studies with autistic individuals have also examined the later endogenpus 
components of the waveform. Rytter, Vaughn, and Simpson (1983) related these 
^ components to specific stage's of Information prdilsslng. One important com-, 
\ ponent, "P300," can be seen in many taslcs that "require the Individual to 

update memory and evaluate 'information" in .the stilus. The P300 wave . v,^ 
form has a positive polarity and occurs at approximatjjJy 3OO milli seconds ^ 
following the stimulus event. Squires and his group suggested that that 
process manifested by P300 was involved in stimulus evaluation rather than ^ 
with response selection (1977). Danchin, McCarthy & Donchin (1977) , 
replicated these findings. Since the waveform components have beep 
associated with particular attentional processes 'and cognitive responses, ^ , 
these measures have been further used to irtialyze the'def iciencies of 
cognitive functioning in autistic individuals. The reported studies involving 
P300 component analyses have all agreed upon- the abnormally reduced nature - 
of the component. The major difference lies in the Interpretation of, 
"causality." There are\several hypotheses to explain the diffferences seen 
in autistic individual ' sV&sponse^atterns . Ndvick. Kurtzberg, Vaughan (1979) ^ 
proposed that childhood autism is' associated with a. deficiency 
^n information storage. Novick, Vaughan, Kurtzberg {T980)i viewed 
au^?1%4^ to have auditory defects that are more consistently manifested 
in higher aspects of processing that .involve the registration and storage of 
stimulus 'information. NiWa, Ohta and Yamazaki (1983) speculated that the 
y autistics have some cognUive difficulties in the 'active stimulus process.' 

T ' • ■ ' - 

Tanguay & Edwards (1982) presented the notion that a possible distortion 
in auditory brainstem Input present during a critical phase of early 
postnatal development can cause a later handicap, b»ause cognitive and 
language skills depend highly on auditory input. It is difficult to say. 
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what Is currently, the reason for the re<|uced ampHtiide of the P300 component 
seen in autistic individuals. The pr^esent con<Lit1o/i rttay hafve been^ affected 
by a prior pathology. - ^ 

Therefore, the study reported here is. not intended to differentiate 
between p^ossible neuropHysio'tgg^ca Vor neuropsychological defects, that und«ir1y 
the cognitive dysfunction In^^tistic Ij^rners; irtstead Ihe purpose is to 
examine the stages of information processing and r^epart on the observable 
differences. Electrophystoldgical techniques hajjj^ bj^en used in this study . 
to combine a new assessment with the pre-existing'^l^it^^ to 
more -adequatGily describe the cognitive charactet^isticS and learning processes 
of auti^stic persons. . / ' ' . • , * 

. / ' 'a' • • • • - 



METHODS ^ y. 



/ , Subjects . Nine autistic males, ranging ifr ageVfrom twelve to twenty- two, 

were selected to participate in' thii'^study.'^ Diagnosis of this guoup included 

f > ■ ,^ : . " ^ 

use of the Diagnostic and Statistical ManuaVof Mental Disorders;^^ P(OSM- 

III, 1980) as^wellas the definition of the National Society for Autistic 

eUizens (1979). A normal control ^Oup^f ivine males .^ajje-m^ched wRh'in 

six months plus or minus, were also evaluated. 

Procedure ^ The Event Related ;||pt4ntia1 s (ERT^) were • recorded;' from a ^ 

parietal scalp sensor (P^) accordlj^g to J^he International ^^20 System 

^ (Jasper 1958) referenced tQ\lirtked iha'stoids. ' Groundi ng was achieved through 

fi central forehead electrode/^Jl^e^t^ im^ance was Check^'^nd kept below 

ten Kohms, with actual readings ^sual ly belov^fiv^ l^ehms, TheUubject was 

seated in front of a video monitor , thirty-six ij^ches from the^ijcreen to eyes-. 

/ ■ ■ • . ■ ' . ^ ♦V' . V 

A pair of stereo Headphones wiere-^iJl aced on the subject. Three; tasks were 



presented to e|ch) subject ^f^**^^ fq^llowing manner: 

1) The first tasif\as a tone delet?&) — a pattern o^^Jr^^hmic tones^with 
a twenty percent random <omissi on of aiK|ftory tones. J^ie|6(^wer^ 
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targets and one hundred non-targets with a two second i nter-stitnulus interval. 
Tones'were pr.esented it 1000 Hz for.50 msecs deration. Instructions given 
\o the subjects wei*? to sit^s quietly as possible and listen for the tones. 
One minute lateV, the 'tone deletion block tasks were presented binaur^lly via 
the headphones. 

2) A visual color block task was presented ne*t. Color blocks, red being 

the target and blue. the non-target, were 10.16 cm by 13.34 cm centered on a 

21.59 cn by 28.68 cm screen. A response pane1v_containing two buttons, was 

pi deed on the subject's lap. Subjects were given the instruction to "press 

on red.'" A practite session was given with 90< accuracy criteria.. Headphones 

.were place^.on the* subject for this 'task also; however , -they were 'only used 

f\yr wr^ite'nolse. The color block task was divided into two sessions with a 

five minute break in between. The first block had sixty-four non-targets 

^ -, . ■ .„ ■ 

and sixteen targets with twenty percent randomfiZation . The same procedure 

was used for the second block, except that the subject was instructed to 



respond with the oposite index finger. 

3) High-low 'tones was Jihe third t^sk.. This tone discrimination task 
consfsted of high tones of 1200 Hz/50 mseq duratioA and low tones of 1000 
Hz/bO msec duration. A practice , session, with 90% accuracy critlerion, was 
used' to make certain that the subjects coijld discriminate between two tones. 
This tas-k consisted jf one hundred non-tarpets (low tones) and twenty-five 
targets (high tones). Again, target presentation was randomized and occured 
in twenty percent of the trials. J) 

Each autistic subject was tested on two different days to examine 
consistehcy of behavior and respTJrTs?:^vJ[he same time of day was used fot 
both sessions, and the same procedure was^-^mplemented both days. 

During all sessions, behavioral data and other important conditions 



IS, behavic 
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were recorded. The brain electrical activity was amplified 'by a Beckman 



Accutract polygraph and recorded on FH magnetic audio tape^ for off-line analysis 

and permanent storage.^ 

Instrume ntation . The task stimuli were presented ta the subjects on an 
Aimiek cq^lor monitor or via stereo hej^dphones. An Apple 11 Plus microcomputer 
with two disk drives and an Isaac Interface were used to administer the task. 
The tFG data were amplified using a Beckman Accutrace polygraph and low pass 
filtered at 400 cps and high pass filtered at .5 cps and converted to FM ^, 
signals on a Vetter model 2D FM converter. Each time a target appeared, a ^ 
signal marker was placed into an FM recording adapter and was then placed 
on the tape along with the electrical response from the brain for 1000 msecs. 
A Pioneer stereo cassette tape deck was used td record the Information after 
it went through the FM adapter. The data» after manual analj^sls of the wave- 
forms, was processed into a graph of averaged waveforms and printed for future 
reference. 

Procedure for Analysis of Waveforms . The brain electrical activity / which 
was stored on cassette tape, was, inputted into a microcomputer system for 
analysis and display. One thousand ms^cs of t^rain electrical activity from 
each target trial was examined ^or artifact or saturation. Artifactfree 
trails were summed and-averaged to each previously accepted waveform. This 
method, dev^^ped by Michael* Torel lo. has also beep used with head yffCmia 
patients and dyslexics. El ectricaV vol tage produced by eye blinks in normal 
and autistic subjects was evaluated and found to exceed 40 microvolts (uv)i 
Therefore, the importance of controlling for 'eye blink and other mysdle 
artifact was included in this design by editing out all high amplitude 
spikes over 40 microvolts. ^ ^ 

RESULTS 

This study was designed to examine the differences in waveform components 
between autistic individuals and normals on three tasks. Two molalities were 



compared, bdth for betwttn group differtnces ind for within gro^p with y(\% 
•utUtlc Individuals. The M«nn-Wh1tney U Test was employed to analy/e 
statistically significant difference^. * " 

R^suU^ from the analysis of data Indicate that thi*re was jy) significant 
difference between groups for the P200 amplitude or-^atency; however, autistic 
Individuals had a significantly smaller amplitude of the P300 component on 
all tanks when compared to the JiormaV group. The latency of the P300 tomponent 
was sjgnif icintly longer during the auditory tasks, but did not reach 
statistical significance In the visual modality. See jable 1. 



TABLE I 

Comparison oY Autistic with Normal Individuals 

for 

Amplitude and Latency of P200 and P300 gr^-^ 
Visual and Auditory Tasks 

P200 AMP P300 AMP P200 LAT P300 LAT 

VISUAL .53 2.98* -1.35 - .96 

AUDITORY .65* . 3.10* 1.03 - -2.13* 



♦P = .05 ^ 

The data for the autistic* population was ex^ined for consistency of 
performance '^during reputed assessment on two different days. 'There was no 
significant difference of P200 and P300 AMP in either the visual or auditory 
modal i ty . See Table II. » 
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TABIC II 

• Comparison of Day On« Amplitudes of and P300 Components 

♦ with those recorded on Day Two ^ 

PJOO AMP X DAY " * Pi'OO AMP k DAY 

r ~ ' ' - , 1 

VlSUAl ^313 1.6/ 

AunnORY .655 -?2 

Analyzing tht data for the autistic population and the normal controls to 
c^camine modality differences within the groups, there appears to be no 
significant difference between m^dallt^ shown on the latency of P200 and 
PJOO waveform components. See Table 111. ^ , » 

-- 7, -.,-..-.--\:--- ^ 



* TABLE III / 

,Coni6drison of Modalities within the Aut i st I9 Group and 
r within the Normal Controls 

AUTISTIC X MODALITY 

P200 AUDITORY LAT x P200 VISUAL LAT Z - -1.63 

P»300 AUDITORY LAT x P300 VISUAL LAT Z • - . 53 

NORMAL X MODALITY 

P?00 AUDITORY LAT X P200 VISUAL LAT ' 7 ' - .86 

P300 AUDITORY LAT X P300 VISUAL LAT Z - - .53 



mo 



LLJ_s--A^ess dry to describe the appearance of the waveform comftonents to ^ 

adequately discuss the results. The NlOO component was seen during all 

taAs in all auti|tic subjects, but the deflection was only below the baseline 

(/egative) in five Cases. This pattern Is'seen In the averaged waveform. Strong 

NlOOs were seen in individual tri'als when using the trial by trial method of 

* 

analysis'. 
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Thr.P?00 amplUudt ms hlghtr than the P3O0 ^ampmudt In 901 of all 

ro<(uiHn(j% friKTi the autlMic group, Thr pattern for the control^ wa% Just 
the oppu%1te, with the PJOO betng the most robust positive deflection before 
'.()() nr.r( % In \\\v wAvrform. ()ne,j?xp1anat Ion for this finding might be the 
amount of vArlrtt)lllty '.rrn In latency of (CJinponrnts trial t/y trial within 

/thr rtutf.tu (jroup. Ihr latency of the f*?(K) component was not significantly* 
(Hff tM fMit f f in the fioritial c ontrols. 

Thr fMOO ampntude (In the average waveform) was significantly reduced 
\\\ ttu' dutlstii group when compared to the normal controls. The frequency of 
trial by trial occurrence of th^ PiOO component was reduced In the autistic 
group, which tended to flatten out the averaged waveform component. The 
fait that the fVJOO itmiponent occurs In the waveform In some trials, and as 
large a% normals' In amplitude, with each autistic subject, has many important 
fm{>t icat ions for teaching autistic Individuals. Another important finding 
riMjarejnuj the Pi. UO was that the latency of the component was not significantly 

dif fer era t)etween groups on the visual tasks, but it did reach significance 
Dfi the aijditory tasks. This lend* support to remedial work In a visual 
r-rudality, rathor than verbal, for autistic learners. 

r.irrent [RP research with autistic Individuals has addressed cognitive 
dysfunction and the underlying hopotheses. Novick, et al . , 1979, 1980; Niwa, 
al . , 19H3, Tanguay, et al., 1982 all agree that there are marked dlfklts 
in 1 nf orr-at i ori processing on , the level of stimulus evaluation when compared 
to nornals. There seems t/ be more severe impairment in auditory processing 
at the higher level than the visual modality (Novick, et al . , 1979). The 
autistic individuals in this studj^were abl^ to actively participate in visual 
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and auditory taslis and respond with correct choices, but the higher proces.sing 

• • ■ ' . * 

-s^rate^ies seemed ta'^ imp^rtieed. The autistic group remained ^^nfMBp^^ 



perforroiince over days. Thfe major finding was ai{tist-ic indiv.iduals did engage 

•. ""• , J \ ' 

,?in a 'task,* buUJ^ey were unable to ni^intaiji organized patterns of mental 

prBcessing. ^ ^ <^ 

Clinically, ERP research is another assessment tool that can enable one 
to measure internal operating modes without behavioral responses. ERP research 
can aid instructors in developing programs that adapt instructional techniques 
xtd individual differences, by describing modalities of strength. » 

'it 

The results from this study lend support to the theory that autistic 
individuals do process information differently than normal individuals. This 
'^^essing difference needs to be studied further. Many experimental variables 
need to be manipulated to better understand the training requirements and 
instructional techniques that best aid the autistic learners. 

ERP studies lend support to the developmental theories and tcj^ the 
relationship, between development and cognitive activities through repeated 
analysis of components in the same individuals oyer time or through 
estabishing normative samples at various ages (Thatcher and Johns, 1977), 
This can be important for educators to understand normal development of 
cognitive functioning. In addition the study of ERP in populations with 
identified learning characteristics and problems, such as autistic youth, 
can help define differences in cognitive development for these populations 
'and thus assess the contribution of developmental variables to the patterns 
these individuals display in educational settings. Parents and teachers will 
then be able to make well informed decisions in providing appropriate educa- 
tional experiences for these individuals. 

ERP studies help define material s which demand that the individual 
engage specific information processing strategies that are reflected in 
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brain electrical ^tis/ity. By noting when the P300 componen^ occurs, 
instructors can use material S' and instructions tha* elicit this waveform 
component. . i ^ ^ 

The major object^■^^S of this Study was to more adequately describe the 
specific are^s of streSfth and weakness within the information processing 
system that were. reflected in brain electrical activiy^. More understanding 
of the /leural "substrates .that are engtaged during cognWive processing will 
add a new dimension to the research. Neurobiol ogical studies and timing of 
intervention with autistic learners is extremely valuable. By combining ERP 
research with the existing tools of assessment and the many fields of research 
on autism, it becomes possible to obtain a wider picture of the educational 
needs and possible interventions of each autistic learner. ^, 

It is well established that autistic individuals have marked inter- 
personal conmunication difficulties. The delayed latency and reduced 
amplitude of ERP waveform components of autistic subjects c<^pared with 
normals during the auditory task in this study may suggest cognitive 
information processing problems for these individuals. The auditory 
modality probably is not the strength of the autistic learning style. 
Perhaps the parent and teacher of an autistic learner would be well advised 
reducing the amount and the pacing of auditory information presented to the 
learner. On the positive side, it may be advantageous to focus instruction 
in the visual modality where the autistic learner's cognitive processes seem 
to be somewhat more like. normal learners. For example many persons who have 
experience with autistic learners have found it advantageous to speak the 
individuals name, — - make eye contact — - and then give instructions slowly 
repeating the information as needed. 

A further implication of using the potential visual -spatial strength 
is the autistic learning stylemaybe to employ the graphics capability of 
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the computer for curriculum and instruction. Computer graphics>can present 
information visually with iirmediate, consistent, and repeated repetitions and. 

feedback to the autistic learner with little or no auditory prbces/ing required 

/ 

for success. The utility of the computer with autistic youth v^fds employed 

■ // 

7 

with success during 1982 and 1983 in the Vance Cotter Summer Day Camp for 
Autistic Youth held at The Nisonger Center at The Ohio State University. 
In addition in March 1984 the Apple Education Foundation funded a project 
in Breezeport Texas Independent School District and the University of Houston 
the focus of the project is to use the Apple microcomputer graphics, music, and 
manipulative CRT displays to assist autistic learngrs in developing more 
affective communicative processes. Along the same lines, Naour, Martin, 
and Languis (1984) have reported a visuo-spatial information processing 
strength in learning disability youth. Languis and Heigle (1984) have 
initiated a project (also funded by the Apple Education Foundation) to ^ 
utilize microcomputers to facilitate the writing effectiveness of learning 
disability and gifted learners. '\ 

A final implication for educational personnel may lie in the fact that 
autistic learners displayed the P300 waveform during som6, but by no means all, 
target stimuli whereas normals displayed the waveform very consistently. The 
autistic learner seems to displ-ay an erractic attentional ^ocus. Training 
in attention to single stimulus events seems to be warranted with the initial 
goal being the consistent el i citation of the P300 component first in the 
laboratory setting and then various learning environments. Through the 
establishment of the component in the stimulus evaluation processes of these 
learners, paradigms ^ploying other modalities of stimulus presentation, as 
well as multi component stimuli, i.e., color and shape, can be presented and 
investigated for eliciting specific information processing strategies. 
Investigation of a variety of inventions and instructional strategies to 

15 



improve focused and sustained attention iMy yield substantive benefits for 
the autistic learner that will transfer effectively to many educational 
tasks. \ , 
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